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Figure 1 Rather than being a 
single product, Argo is a p/at- 
form technology that allows 
the manufacturing of multi- 
wavelength receivers with 4 
or 16 wavelength channels, a 
channel spacing of 100 GHz 
or 200 GHz for dense DWDM 
and IO or 20 nm for coarse 
WDM, and operating 
at bitrates of 2.5 Gbps or 
IO Gbps 
At a time of main conferences for both InP and 
GaN it is timely to review recent achievements 
to assess progress. Present market conditions 
may not be entirely conducive to such specula- 
tion but levels of investment are still Sustained 
leading to confirmation that for these rr&zrials, 
many device companies certainly have included 
them in their strategies for the upturn. 
Operating at high efficiency and high frequency, 
InP is the best-understood semiconductor after 
silicon and GaAs. Several major industry players 
are betting that microelectronic devices such as 
microwave and mm-wave KS for wireless will 
also be a success. 
As was demonstrated at the recent Optical Fiber 
Conference and Exhibition there are abroad an 
unusually high number of start-up or spin-out 
companies dedicated to pursue what they are 
hoping will be substantial niche applications. It 
is the law of averages which says that not all will 
be around by mid-decade.Their fate will most 
likely be acquisition as the bigger names meet 
their need for rapid entries into key device mar- 
kets.A list of some of the InP start-up companies 
is to be found in Table 1. As shown here there 
are over two dozen companies having manufac- 
turing in-house and a number serving other fab- 
less companies. Surely this can only be seen as a 
surfeit of capacity especially when the market is 
in abeyance and it is as yet unclear as to when 
40 Gbit/s demand will really take off.That said, 
such enthusiasm and expectation will surely 
have a positive effect on the evolution of the InP 
device market. 
So there is more interest than ever in this once 
troublesome material.This is as a result of two 
particular requirements. Firstly, and most impor- 
tantly, in very high-speed datacoms at up to 40 
Gbit/s for fibre networks. High-speed trans- 
ceivers monolithically integrating active and pas- 
sive components are going to be in demand for 
low-cost, reliable units. But before that the tradi- 
tional route will see progressively integrated 
modules from discrete components. 
It has been said that one of the stumbling 
blocks for the further progress of the InP data- 
corn business has been availability of quality 
large-area substrates. Just recently two compa- 
nies have made announcements to demonstrate 
that it is practical to consider a 6-in InP sub- 
strate product. Almost coincidentally Showa 
Denko and AXT revealed sample products. SD 
has overcome thermal stability problems to 
offer dislocation densities comparable to those 
in smaller InP substrates via development of its 
hot-wall LEC approach. AXT’s is another exten- 
sion of the company’s proprietary VGF technolo- 
gy. “Our VGF technology allows us to produce 
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Qusion Technologies 
RF Micro Devices 
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ThreeFive Photonics 
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VSK Photonics, Inc. 
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Xindium Technologies 
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Location 
Santa Barbara, CA, USA 
Woburn, MA, USA 
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Jessup, Maryland 
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Santa Clara, CA, USA 
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Allentown, PA, USA 
Ulm, Germany 
El Segundo, CA, USA 
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Figure 2. EpiWorks" propri- 
etary growth process includes 
MOCVD capability proving 
that MOCVD materials can  
meet the performance 
requirements of 0C-768 
systems, 
large d iameter  substrates wi th  excel lent  unifor- 
mity and low defect density," said Morris Young, 
pres ident  and CEO. "With this major step for- 
ward in our  technology, our  customers  can 
enjoy improved device per fo rmance  and a bet- 
ter p roduct ion  yield." 
At the next stage of the InP chain is what  could 
be termed the enabl ing process, i.e. epitaxy. 
MOCVD has had a strong share of the market 
but MBE has made a comeback  at the behest  of 
its customers wh ich  prefer the technique such 
as RFMD. 
In merchant  MOCVD, Kopin (MA, USA) launched 
C-doped InP-based HBTs. "InP is the next-genera- 
t ion semiconductor  after GaAs," said John Fan, 
CEO of Kopin. "Compared to GaAs HBTs, InP 
HBTs demonstrate superior  speed, operat ing 
voltage, power  eff iciency and thermal  propert ies.  
We are now growing carbon-doped InP HBTs in 
our product ion  epitaxy systems - the preferred 
technique for large-scale manufacturing." 
A p ioneer  of merchant  InP, IQE (Cardiff, UK) has 
continual ly expanded its portfol io of semicon- 
ductor  activities including substrates and SiGe.A 
highl ight has been the setting up of a wafer fab- 
r icat ion deal wi th  Scotland's Compound 
Semiconductor  Technology wh ich  is already han- 
dling InP device manufacture for a wide range of 
customers.  
InP devices 
Last year almost together, TRW and RF Micro 
Devices announced their  commitment  to mass-  
produc ing InP-based ICs. Like others since, they 
are targeting wireless and optical fibre applica- 
t ions that operate at 20 GHz and above.They are 
also developing more efficient power  amplif iers 
for 3G wireless handsets.This where  the mar- 
ket potential  is, h igh-speed atacoms and per- 
haps later wireless appl ications uch as ram-wave 
for coll ision avoidance or mult ipoint  datalinks. 
At MANTECH EpiWorks (Champaign-Urbana, 
Illinois, USA) unvei led its latest InP HBT technol- 
ogy. In col laborat ion wi th  researchers at the 
University of Illinois, the fastest combined  ft and 
fmax to date for a non-transferred substrate InP- 
based SHBT was reported. The devices, showing 
ft of 180 GHz and fmax of 340 GHz, were fabri- 
cated on 100 mm InP epi-wafers grown at 
EpiWorks' fab. 
"We are proud to announce  that EpiWorks' car- 
bon-doped HBTs grown by MOCVD now hold 
the world record for InP SHBT performance.  Our 
propr ietary growth process provides not only 
leading MOCVD capability, but  it also shows that 
MOCVD material can easily meet  the perform- 
ance requi rements  of OC-768 systems," said 
David Ahmari, EpiWorks' EVP of Business 
Development.  "EpiWorks was the first to pro- 
duce 100 mm carbon-doped InP HBTs, and these 
results demonstrate our  cont inued commitment  
to maintain our  leadership osit ion by pushing 
to higher-speed and lower-power devices." 
Now wi th  a very strong CMOS portfol io,Vitesse 
Semiconductor  (Camarillo, CA, USA) is still com- 
mitted to Ill-Vs. It has launched its own MBE- 
based InP based OC-192 products .These include 
a PIN detector  (VSC7985) and a monol ithical ly 
integrated PIN detector  and TIA (VSC7987).The 
VSC7987 is the first in a family of optoelectron- 
ic ICs using its VIP-1 process that will lead to 
monol i th ic  integrat ion of the receive side of an 
OC-768 t ransponder  in 2002. "The monol i th ic  
integrat ion of optoelectronic  integrated circuits 
is essential to reduce system cost at both  the 
circuit level and at the module  level where,  wi th  
a 16:1 monol ithical ly integrated transponder,  all 
data rates in excess of OC-48 (2.5Gb/s) are con- 
tained on the IC and do not  have to propagate 
on the circuit board," said Alan Huelsman, direc- 
tor of the InP program.This  first generat ion of 
the InP HBT process is based on a vertical, mesa 
isolated NPN bipolar transistor having a peak 
ftau of 150 GHz, and a peak fmax of 160 GHz. 
The transistor per formance is consistent wi th  
the bandwidth  and edge rate requirements of 
circuits operat ing at 40-50 Gb/s. 
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Figure 3. Oriol has developed 
a range of GaN-based LEDs 
including a novel new vertical 
high brightness GaN LED with 
a vertical using a proprietary 
sapphire substrate lift-off 
technique. 
ThreeFive Photonics  is a InP spin-out from the 
University of Delft in The Netherlands. Shown in 
Figure 2, is the first product  from the Argo series, 
A4D2.5, a 4-channel  2.5 Gbps mult iwavelength 
receiver w i th  a channel  spacing of 100 GHz. 
Argo can combine  an arrayed waveguide grating 
wavelength demultiplexer, tour to s ixteen high- 
per formance photodetectors  and a correspon- 
ding number  of t rans impedance amplif iers into a 
single compact  mult iwavelength receiver. 
Meanwhile,  Global Communicat ions  
Semiconductor  Inc, (Torrance, CA, USA) also 
recently announced milestones reached in 1.31 
and 1.55 ~m InP-based PiN diodes. "By combin-  
ing our optoelectronics  and InP HBT process 
technologies,  GCS can address optoelectronic  IC 
applications," said pres ident  and CEO Owen Wu. 
"With our InP SHBT process we have already 
been able to address a number  of 40 Gb/s  OC- 
768 appl ications wi th  an fF of greater than 160 
GHz, an fmax of greater than 180 GHz wi th  a 
BVCEO of greater than 3 M However, for power  
amplif iers and modulator  drivers, a h igher 
BVCEO is desirable. Our DHBT InP process yields 
a BVCEO of greater than 8 V wi th  an IT above 
150 GHz at a low current  density of 1 mA/blm2." 
Demonstrat ing the fastest demult ip lexer speeds 
publ ished to date Inphi  Corp., (Westlake Village, 
CA, USA) demult iplexers run at over 80 Gbit/s. It 
claims that this exceeds results in SiGe, wh ich  
reached ha l f  rate speeds of only 56 Gbit/s. 
Moreover, a l though Inphi 's  half-rate demultiplex- 
er operates at a much higher speed than the SiGe 
circuits, it dissipates the same amount  of power. 
At a reduced data rate of 40 Gbps, for example, 
Inphi 's  half-rate demult ip lexer dissipates only 
400 mW of power, wh ich  is approximately 
one third the power  as SiGe half-rate circuits 
operat ing at the same speed. 
Another  developer  of InP-based active optical 
components ,  CyOptics Inc., (Waltham, MA, USA) 
recently opened its new $10m facility to pro- 
duce InP-based modulators,  lasers and detectors 
packaged both  as stand-alone devices and as 
hybr id super  components .  Located at the 
CyOptics Yokneam site, it is the first product ion 
level InP lab in Israel, and offers close to 11,000 
sq ft of Class 100 and Class 1000 cleanrooms. 
One of the highl ights of the new fab is an 
Aixtron 2400G3 MOCVD reactor  capable of 
growing eight 3-in wafers in a single growth run, 
the equivalent of over 10,000 optical devices. 
In this fab the company will manufacture the 
EAM2010, a zero insertion-loss, external  electro- 
absorpt ion modulator  (EAM) that provides up to 
10dBm output  power .When used wi th  a single 
mode source laser, the EAM2010 offers excep- 
tionally low chirp, enabl ing a very low disper- 
sion penalty for an 80-125 km uncompensated  
l ink.The device's high launch power  el iminates 
the need for an external  post amplifier, and it's 
integrated power  moni tor ing and control  capa- 
bility replaces external  moni tors  and variable 
optical attenuators.The r sult is a significant 
reduct ion of system complexity, size and cost. 
Some of these newer  companies  do not have a 
fab and for example, GaAs digital and mixed-sig- 
nal IC specialist Multil ink Technology Corp., 
(Somerset, NJ, USA) is turning to Innovative 
Processing AG (Duisburg, Germany) to develop 
InP 40 Gbit/s optical PIN diode receivers and 
TWT amplifiers. 
At the t ime IPAG's CEO Ralf Bcrtenburg com- 
mented  that IPAG is focused on InP because it is 
the most attractive candidate for monol i th ic  inte- 
gration of high-speed electronics, optoelectron- 
ics and optical devices: "With our extensive 
knowledge and access to a complete  InP pro- 
cessing line, IPAG is able to establish a standard- 
ized InP process technology wi th  high yield.The 
partnersh ip  wi th  Multilink wh ich  enables us to 
leverage this know-how and to br ing our  highly 
sophist icated products  to the customer." 
Further afield, Singapore's DenseLight 
Semiconductors  Pte. Ltd., is probably a one-of-a- 
kind in the Far East having an InP fab. It is a 
50,000 sq. It. purpose-bui l t  facility housing its 
offices, R&D and manufactur ing operat ions - a 
15,000 sq. ft. sub-micron c leanroom is has InP 
fabrication from product  design to epitaxy, wafer 
III-Vs REVIEW :~,;,~" ~ ,# VOL 15 - NO 5 -JUNE/JULY 2002 
INDUSTRY FOCUS Phosphide and Nitride Devices 2002 
42 
and backend processing, packaging, and func- 
tional and reliability testing. It has already 
launched products, including direct-modulated 
DFB lasers, high-performance gain chips and 
superluminescent diodes, and plans to introduce 
tunable lasers, Raman pump lasers and embed- 
ded optical channel monitors in future. 
But no coverage of InP devices would be com- 
plete without mention of two of the pioneers in 
the translation of the technology from R&D to 
production:Velocium (El Segundo, CA, USA) and 
TRW Inc. (USA). 
It was not long ago that Velocium launched the 
first products in a family of high-speed frequen- 
cy dividers produced using InP technology. 
They are the first in a family of electronic RZ 
solutions specifically targeting the OC- 
192/STM64 ultra-long haul, long-haul and metro- 
fibre systems.The DV2401 and DV2101 are 
divide-by-two frequency dividers targeted at 
down-convers ion and phase-locked-loop a pli- 
cations for the fibre optic and broadband wire- 
less markets. 
"By using TRW's advanced InP process for our 
UCJ l06 NRZ-to-RZ converter, we can meet the 
higher bandwidth performance required for RZ 
modulation at lower power  compared to alterna- 
tive solutions," said Frank Kropschot, director of 
business development,Velocium. "From a system 
perspective, the UCJ l06 eliminates the need for 
an additional optical modulator, therefore reduc- 
ing overall system cost and complexity." 
Velocium operates a 3- and 4-inch capable InP 
fab.The latter being a vital step on the route to 
production for cost-effective devices demanded 
by the market when it recovers. 
From the evidence here the support is mainly for 
fibre-based atacoms applications rather than 
wireless. Nevertheless, the development of hand- 
set chips is being driven by the need to signifi- 
cantly improve the performance of devices so 
that they can be used in 3G terminals. Power 
consumption will be a key issue, but devices 
must also perform at higher frequencies and 
lower power  to avoid problems associated with 
dissipating excess heat. InP is a prime candidate 
for these applications. 
InP has better thermal characteristics, higher fre- 
quency response and lower threshold voltages 
than existing power  amplifier technologies. 
Improved thermal characteristics enable very 
small identical components to be produced. For 
example, a power  amplifier based on InP would 
typically be smaller in size and higher in efficien- 
cy than a comparable power  amplifier produced 
from current materials uch as GaAs. 
InP power  amplifiers hould be ideal for 3G 
handsets, which will require highly integrated 
radio circuits (where many or all of the radio 
components are fabricated on the same chip). By 
enabling the manufacture of smaller power  
amplifiers that operate at higher efficiencies and 
lower voltages, InP will support the required lev- 
els of integration. 
RF Micro Devices (NJ, USA) has been growing its 
InP programme not only in its key markets in 
handsets but latterly also the first foray into fibre 
networks. InP is a key part of its Total Radio con- 
cept which offers a complete radio in a single 
module, incorporating multiple chips. 
Companies like RFMD which have led the way 
in modules for mobile comms OEMs are now 
driving the supply market in network products. 
They arc counting on being responsible for 
more of the design and manufacturing task 
when the recovery comes as OEMs outsource 
more of the manufacturing. 
GaN refinements 
As we have said, the other high profile member  
of the III-V family is GaN and its indium alloys. 
This has created a whole new market in LEDs, 
lasers and for the future, microelectronics. 
Partnerships are now in vogue for GaN devices. 
For example, that between Nichia and Citzen 
and that for AXT and Agilent Technologies. 
Under the terms of the yearly agreement with 
Agilent's manufacturing arm in Malaysia,AXT 
will be supplying chips to help meetAgi lent 's  
InGaN LED requirements for cellular phone 
backlighting and other applications. 
As reported here a couple of issues ago, LEDs 
dominate in terms of both volume and value. Not 
only are suppliers building on their success with 
displays and bacldights but also with some excit- 
ing new areas which exploit the UV light emis- 
sion. Palo Alto Research Center is working with 
Crystal IS (USA) to demonstrate a 360 nm LED 
based on an AlN substrate. The latter offers good 
thermal conductivity together with chemical 
compatibility, plus lattice match for growth of 
GaN/A1GaN MQWs. 
Another company which is working in the short- 
wavelength field is Cree (Durham, NC, USA) 
which has a contract from the US Army Robert 
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Morris Acquisit ion Center  and DARPA for the 
deve lopment  of LEDs and laser diodes emitt ing 
at 280-340 nm for use in systems for biological 
agent detect ion,  such as anthrax, and for tactical 
communicat ion  systems.The total est imated 
value of the contract  is $26,550,000 of wh ich  
the government  is providing $14,500,000, if fully 
funded, over a four-year period. 
Another  new trend is for the ref inement of the 
LEDs wh ich  are current ly available. While per- 
formance is good but far from perfect  for 
portable appl ications and general i l lumination in 
terms of, for example, power  handl ing or l ight 
emission. 
Oriol, (Santa-Clara, CA, USA) has revealed its 
ingenious vertical h igh br ightness GaN LED wi th  
a vertical using a propr ietary sapphire substrate 
lift-off technique.This  i in combinat ion wi th  a 
bonded metall ic base wh ich  provides, says the 
company, lower cost and higher br ightness 
devices compat ib le  wi th  existing low-profile die 
mount  techniques.  
Previously vertical devices having a single wire- 
bond were  restr icted to GaN on a conduct ive 
substrate like the cheaper  SiC.That advantage is
obviated by SiC being opaque whereas sapphire 
is transparent.  Oriol has gone one step further  
and developed a process wh ich  removes the 
bulk of the sapphire so as to improve thermal  
characteristics. Projected per formance of the 
devices wh ich  will be available by the 4th quar- 
ter  will be 6 candela at 20 mA forward current.  
In Japan, the NEDO Project entit led 'The l ight for 
the 21 st Century" aims to develop a new illumi- 
nat ing device that is highly efficient and wh ich  
possesses highly luminous characterist ics (twice 
as energy efficient as compared to existing fluo- 
rescent lights) using LEDs, wh ich  will be able to 
replace incandescent  bulbs and f luorescent 
lamps.This project  will be jointly carried out by 
the NEDO and the Japan Research and 
Deve lopment  Center  for Metals (JRCM) through 
a subsidy provided to NEDO by the Ministry of 
Economy, Trade and Industry. JRCM will carry out 
the research and deve lopment  w i th  the co-opera- 
t ion of the universit ies and enterprises.As part of 
this project Showa Denko K.K. (Chiba, Japan) 
has qualif ied the AIXTRON AG (Aachen, 
Germany) AIX 2400G3HT Planetary Reactor 
System for the mass product ion  of Ultra-High- 
Brightness blue LEDs (470 nm). 
AIXTRON also has a long-standing relat ionship 
wi th  tile Opto Electronics and Systems Labs of 
ITRI in Taiwan.The latter has developed the first 
GaN-based laser in Taiwan. Grown on sapphire in 
an AIX 2400G3HT system the InGaN/GaN MQW 
laser diode emits at 415.5 r im.The structure has 
separate optical and carr ier conf inement  and 
shows a threshold current  density of 8.7 
kA/cm2. 
To intensify this fruitful col laboration and to 
br ing this know-how to Taiwan's industries, OES 
and AIXTRON have signed a joint Industrial 
Affiliation Program to locus on the Taiwanese 
Compound Semiconductor  Industry's MOCVD 
technology.The co-operation combines  
AIXTRON's renowned MOCVD know-how based 
on over 20 years exper ience wi th  ITRI's expert- 
ise in material and device development.  Further 
partners will co-operate on joint projects. 
In conclusion 
In devices and materials for both  the phosph ide  
and ni tr ide alloys progress is unremitt ing.  It
seems to be unstoppab le  and ignores prevai l ing 
market  depression.  An unprecedented  number  
of start-up and univers i ty spin-out compan ies  
are keen to show off their  technologies  to 
prove they have what  it takes.All  they need 
now is a chance  to prove themselves in the real 
market.  
While at the moment  levels of investment  are 
being scaled back by players big and smaller, 
many device companies  certainly have contin- 
ued to commit  to their  strategies *br the upturn.  
As the larger ones turn to outsourc ing more and 
more business will go the way of the merchant  
players. 
InP-based devices are now being p i tched at the 
very high speed datacom fibre networks in antic- 
ipat ion of fibre all the way to the desk and home 
at rates of 40 Gbit/s and higher. Later will come 
opportuni t ies  riding on the back of such techno- 
logical and manufactur ing developments  for 
wireless networks  and radars etc. 
Optoelectronics are still the key market for the 
III-nitrides and as we have shown here, the com- 
panies are proliferating and mount ing their  chal- 
lenge. Refinements are forthcoming so as to 
ensure that these devices further penetrate the 
display and backl ighting markets. But that is not 
all, by extending the technologies a bit further 
they can also lend a hand in the fight against er- 
ror ism.The story is not yet over and no doubt fur- 
ther  impressive markets lie just around the corner 
fbr those prepared to see the downturn  through. 
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